LINEAR MOTOR AND ELECTRONIC COMPONENT FEEDING 

APPARATUS 


BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to a linear motor having a moving member and a stationary 
member, and to an apparatus for feeding electronic components having at least one unit 
base capable of carrying at least one component feeding unit, a slide platen for sliding the 
unit base, and a linear motor comprising at least one stationary member mounted on the 
slide platen and a moving member mounted on the unit base. 

Furthermore, this invention relates to an apparatus for feeding electronic 
components such as semiconductor chip components to an electronic component 
mounting instrument, especially to the apparatus for feeding electronic components in 
which a plurality of tape cassettes mounted laterally on a slide base move on a slide base. 
In detail, this invention relates to an apparatus for feeding electronic components having 
at least one unit base capable of carrying at least one component feeding unit, a slide 
platen for sliding the unit base, and a linear motor comprising at least one stationary 
member mounted on the slide platen through a supporting base for each of the stationary 
member and a moving member mounted on the unit base. 

Prior art 

The electronic component feeding apparatus of this kind has been known to 
enables the high-speed transportation of the cassette base by the introduction of a linear 
motor as a driving mechanism inserted between the cassette base and the sliding slide 
platen (Japanese Patent Laid-Open Publication No. Sho 61-239696). 

The linear motor of the aforementioned development comprises a pair of 
stationary members attached to the slide platen and a moving member attached to the 
bottom surface of the cassette base, and is configured such that the moving member is 
sandwiched between the two stationary members in the pair. The stationary member 
consists of a plurality of magnets aligned along the longitudinal direction of the slide 
platen, and the moving member consists of a core made of magnetic material and coils 
wound around the core. 

Although the high-speed transportation of the cassette base was achieved by the 
introduction of linear motor described above, the moving member of the motor generates 
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heat upon continuous operation of the motor. That is, when the motor is operated 
continuously beyond the allowance maximum (operated with large effective power), the 
motor generates heat and stops at a predetermined capacity point for preventing the motor 
from burning. If the motor is constructed in such a way that it endures necessary 
continuous operation, the size of the motor becomes large. Also when the heat is 
transmitted to other surrounding structures, the expansion of the structures occurs which 
then cause the deterioration of the accuracy in component mounting. 

SUMMARY OF THE INVENTION 

Therefore, the embodiments of this invention are directed to dissipating heat from 
the moving member, which is the heat source of the linear motor and to suppressing the 
temperature rise as much as possible. Thus, the linear motor comprising a stationary 
member and a moving member of the embodiments include a heat dissipation portion 
formed in the moving member. 

Also, in the apparatus for feeding electronic components having at least one unit 
base capable of carrying at least one component feeding unit which successively supplies 
electronic components loaded in carrier tape at predetermined pitch to the component 
pick-up position, a slide platen for sliding the unit base thereon, and a linear motor 
comprising at least one stationary member mounted on the slide base and a moving 
member on the unit base, a heat dissipation portion is formed in the moving member 
mounted on the unit base. 

The heat dissipation portion is formed in such a way that the heat dissipation 
portion pierces through the iron core of the moving member. 

Also, the heat dissipation portion is formed in such a way that the heat dissipation 
portion pierces through the center of the iron core of the moving member and has a heat 
dissipation fin at one end. 

Additionally, in the apparatus for feeding electronic component having at least one 
unit base capable of carrying at least one component feeding unit, a slide platen for 
sliding the unit base, and a linear motor comprising at least one stationary member 
mounted on the slide platen and a moving member mounted on the unit base, a heat 
dissipation portion is formed on the unit base for dissipating the heat in the moving 
member. 

Also, the heat dissipation portion is the heat dissipation fin which forms a unitary 
unit with the unit base. 


Furthermore, the embodiments are directed to preventing the deterioration of the 
accuracy in component mounting by cooling the moving member which is the heat source 
of the linear motor. Thus, in the apparatus for feeding electronic component having at 
least one unit base capable of carrying at least one component feeding unit, a slide platen 
for sliding the unit base thereon, and a linear motor comprising at least one stationary 
member mounted on the slide platen through a supporting base for each of the stationary 
member and a moving member mounted on the unit base, the moving member is cooled 
by the air sent from a ventilator and passing through the air supplying passage formed in 
the slide platen for blowing against the moving member through the air exhaust port 
formed in the slide platen. 

Also, in the apparatus for feeding electronic components having at least one unit 
base capable of carrying at least one component feeding unit which successively supplies 
electronic components loaded in carrier tape at predetermined pitch to the component 
pick-up position, a slide platen for sliding the unit base thereon, and a linear motor 
comprising at least one stationary member mounted on the slide base through a 
supporting base for each of the stationary member and a moving member on the unit base, 
a cutter for cutting carrier tape after electronic components are picked up, and a collection 
box for collecting tape cut off by the cutter by the sucking air through a inhalation duct 
using ventilator are equipped. The air from the ventilator is lead to the air supplying 
passage formed in the slide platen through an exhaust duct, and then blown to the moving 
member through the air exhaust port formed in the slide platen to cool the moving 
member. 

Additionally, the air exhaust port is formed in the slide platen within the range 
where the unit base moves for feeding components. Also, the air exhaust port is covered 
with a filter. 

BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 is a side view of a high-speed electronic component mounting instrument 
equipped with an electronic component feeding apparatus as the first embodiment of this 
invention. 

Fig. 2 is a perspective external view of the electronic component feeding 
apparatus as the first embodiment of this invention. 

Fig. 3 is an expanded cross-sectional view of the electronic component feeding 
apparatus as the first embodiment of this invention. 


Fig. 4 is a cross-sectional view at the plane involving the stationary members of 
the electronic component feeding apparatus as the first embodiment of this invention. 

Fig. 5 is a plan view showing a partial cross-section of the main portion of the 
electronic component feeding apparatus as the first embodiment of this invention. 

Fig. 6 is a plan view of the main portion of the electronic component feeding 
apparatus as the first embodiment of this invention. 

Fig. 7 is a front view of the main portion of the electronic component feeding 
apparatus as the first embodiment of this invention. 

Fig. 8 is a front view of the main portion of the electronic component feeding 
apparatus as the first embodiment of this invention. 

Fig. 9 is a front view of the main portion of the electronic component feeding 
apparatus as the first embodiment of this invention. 

Fig. 10 is a cross-sectional view of the linear motor of the second embodiment of 
this invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First, an apparatus for feeding electronic components working as a part of a high- 
speed electronic component mounting instrument will be described as the first 
embodiment of this invention in reference to the above figures. 

Fig. 1 is a side view of a high-speed electronic component mounting instrument, 
and Fig. 2 is a perspective external view of the feeding constituent of the mounting 
instrument. As seen from both figures, the high-speed electronic component mounting 
instrument consists of an apparatus main body 2, a feeding portion 3 for feeding 
electronic components A, and a mounting portion 4 for mounting electronic components 
A to print board B, in such a way that the feeding portion 3 and the mounting portion 4 
are aligned parallel along the main body 2, having the main body 2 in between. The 
feeding portion 3 includes an apparatus for feeding electronic components as shown in 
the figures. 

The main body 2 includes an index unit 6 as a main portion of a driving system, a 
rotating table 7, and a plurality of mounting heads 8 (12 in this embodiment) placed at the 
outer portion of the rotating table 7. The index unit 6 rotates the rotating table 7 
intermittently with a pitch in accordance with the number of the mounting heads 8. As 
the rotating table rotates intermittently, a suction nozzle 9 placed on each mounting head 
8 comes to the feeding portion 3 for picking up electronic component A provided by the 


feeding portion by suction, transports the electronic component A to the mounting portion 
4, and mounts the electronic component A on print board B at the mounting portion 4. 

The feeding portion 3, which is basically the apparatus for feeding the electronic 
components, includes a slide platen 1 1 with its longitudinal direction being perpendicular 
to the plane of the figures (Fig. 1 and Fig. 3), four slide bases (unit bases) 12 mounted on 
the slide platen 11 for sliding thereon, a plurality of tape cassettes (component feeding 
unit) 13 detachably mounted on the slide base 12, and a linear motor 14 placed between 
the slide platen 11 and each slide base 12. 

As shown in Fig. 2, among the four slide bases 12, one pair of the slide bases 12 
rests at one end of the slide platen 1 1 and another pair rests at the other end. During the 
operation, the two pairs of the slide bases 12 with each slide base 12 carrying a group of 
tape cassettes 13 come to the main body 2 alternatively. While one pair with each slide 
base 12 carrying a group of tape cassettes 13 moves (slides) to the position of the main 
body 2 and rests there for component feeding operation, another pair is at the home 
position (one end of the slide platen) for changing the tape cassettes 13 in preparation for 
the next feeding operation. Fig. 2 shows the pair of slide bases 12 without groups of tape 
cassettes 13. 

As seen from and Fig. 3, each tape cassette 13 is designed to be thin so that a 
group of the tape cassettes 13 can be mounted on the upper surface of the slide base 12 
being laterally oriented (perpendicular to the longitudinal direction of the slide platen) 
with a narrow space among them. Each tape cassette 13 has its designated position on the 
upper surface of the slide base 12 and can easily be attached to or detached from the 
position by a simple lever operation. The mounting head 8 (suction nozzle 9) of the 
apparatus main body 2 comes to the opposite end of the tape cassette 13 mounted on the 
slide base 12 to the tape reel 16 for picking up the electronic component A. The tape 
cassette 13 has carrier tape C with electronic components A being contained therein at a 
predetermined pitch, which is wound to a tape reel 16. The electronic components A are 
picked up one by one by the suction nozzle 9 from the carrier tape C, which is unreeled 
from the tape reel 16. 

The slide base 12 consists of base block 22 (upper portion) fixed at a proper 
position by the left and right joint portions 21a, 21b, and a slide block 23 (lower portion). 
The tape cassette 13 described above is mounted on the upper surface of the base block 
22, and a pair of sliders 24a, 24b are placed at the lower surface of the slide block 23 at its 
both ends. The base block 22 has a horizontal portion 26 and a slant portion 27, which 


form a unitary unit, and is configured in such a way that the slant portion 27 makes room 
for the tape reel 16 which is a part of the tape cassette 13 mounted on the horizontal 
portion 26. 

The slide block 23 consists of an upper horizontal portion 29, a vertical portion 
30, and a lower horizontal portion 31, with its vertical cross-section having a crank-like 
shape. The proper number of rib portions 32 are formed outwardly at proper locations 
between the vertical portion 30 and the lower horizontal portion 31 in such a way that the 
rib portions 32 make room for heat dissipation fin 71 described hereinafter The upper 
horizontal portion 29 supports the horizontal portion 26 of the base block 22 through the 
one joint portion 21a, and the rib portion 32 supports the slant portion 27 of the base 
block 22 through another joint portion 21b. A first slider 24a is fixed at the outermost 
lower surface of the upper horizontal portion 29, and a second slider 24b is fixed at the 
outermost lower surface of the lower horizontal portion 3 1 . 

Reference numeral 71 denotes a heat dissipation fin (heat dissipation portion) for 
making the heat dissipation area larger. The heat dissipation fin 71 extrudes from the 
vertical portion 30 of the slide block 23, faces the rib portion 32, and forms a unitary unit 
with the slide block 23. The slide block 23 including the heat dissipation fin 71 is made 
of the material with efficient thermal conduction such as aluminum for dissipating heat 
from the moving member 48. The lateral length of the heat dissipation fin 71 (the lateral 
length viewing from the front side of the electronic component mounting instrument) is 
about the same length of the moving member 48. 

Furthermore, there is a linear encoder 35 consisting of a scale 34 placed on the 
slide platen 1 1 and a photo sensor 36 placed at the outermost lower surface of the upper 
horizontal portion 29. On the outermost upper surface of the lower horizontal portion 31, 
there is a terminal for a cableveyor 38 for supplying the control signals and electric power 
to the linear motor 14 through the bracket 37. There is also a photo interrupter 39 for 
detecting the slide base 12 when it overruns its home position. 

The slide platen 1 1 consists of a slide platen main body 41 and a vertical block 42. 
At the edge of the upper surface of the vertical block 42 is placed a first slide rail 43a for 
engaging with the first slider 24a. Likewise, at the edge of the upper surface of the slide 
platen main body 41 is placed a second slide rail 43b for engaging with the second slider 
24b, Furthermore, on the upper surface of the vertical block 42 is fixed an upper 
supporting base 44 for the magnets extending horizontally toward the vertical portion 30 
of the slide block 23. A lower supporting base 45 for the magnets is also placed on the 


upper surface of the slide platen main body 41 at a position corresponding to the upper 
supporting base 44. 

The linear motor 14 consists of a pair of upper and lower stationary members 47a, 
47b fixed on the slide platen 1 1 , and a moving member 48 fixed on the slide base 12. The 
stationary members 47a and 47b consist of upper and lower supporting bases 44, 45 and 
upper and lower magnets 49. Among the pair of magnets 49, the upper magnet 49 is 
fixed downwardly on the lower surface of the upper supporting base 44 and the lower 
magnet 49 is fixed upwardly on the upper surface of the lower supporting base 45. On 
the other hand, the moving member 48 is similar to the slide base 12 in its length, and 
fixed on the sidewall of the vertical portion 30 of the slide block 23. As seen from the 
figure, the upper surface of the moving member 48 is in close proximity (air gap) to the 
upper stationary member 47a, and the lower surface to the lower stationary member 47b. 
In summary, the moving member 48 and the pair of upper and lower stationary members 
47a, 47b, as a whole and facing to each other, form a linear motor 14. 

The moving member 48 fixed on each slide block 23 consists of a core structure 
made of magnetic material and coils wound around the core (although it is not shown in 
the figure, an iron core made of magnetic material can be used around which coils are 
wound). On the other hand, the upper and lower stationary members 47a and 47b consist 
of a plurality of magnets 49 aligned along the longitudinal direction of the upper and 
lower supporting bases 44 and 45, as shown in Fig. 4. These magnets 49 are aligned with 
a short and constant pitch, and space between the magnets 50 is filled with a resin 
molding 51, in such a way that each surface of the upper and lower stationary members 
47a and 47b makes a flat surface. 

Reference numeral 60 in Fig. 5 denotes a cutter which cuts carrier tape C at a 
predetermined pitch after electronic components are picked up by the suction nozzle 9 
and located at the lower part of the component pick-up position. Waste tapes cut off by 
the cutter 60 are collected in a collection box 62 through an inhalation duct 61 . As seen 
in the figure, for facilitating the tape collection procedure, an inhalation ventilator 63 is 
placed under the collection box 62. 

The vertical block 42, one of the portions of the slide platen 1 1, is hollow and 
sealed at the both ends with sealing portion 65 to make an air supplying passage 66. The 
hollow part is constructed in such a way that the hollow part is longer than the range 
where a pair of slide bases 12 moves during a component pick-up operation. Also, in the 
hollow part of the vertical block 42, within the range where a pair of slide bases 12 moves 

7 


during the component pick-up operation, three, for example, circular air exhaust ports 67 
facing to the moving member 48 and an air inhalation port 68 facing to the mounting 
portion 4 are formed. 

That is, the operation with frequent starts and stops (the operation with large 
effective power) of the linear motor takes place near the component pick-up position. 
The operation of the linear motor at other parts does not cause large heat generation. For 
effectively cooling the area near the component pick-up position, where large heat 
generation may take place, and also for decreasing the consumption of air flux as seen in 
Fig. 6, the air exhaust port 67 facing to the moving member 48 is formed within the range 
where a pair of the slide bases 12 moves during the component pick-up operation. By 
forming the air exhaust port 67, the air coming from the air exhaust port is not wasted and 
the consumption of air flux can also be deceased. 

Also, as shown in Fig. 8, the length of the transverse direction of the moving 
member 48 is the same as the length between the centers of the two air exhaust ports 67. 
Also as shown in Fig. 7, even if the central air exhaust port 67 comes to the location 
between a pair of slide bases 12 (two moving members 48), the air from both right and 
left air exhaust ports 67 is blown to the both moving members 48. 

Additionally, the air inhalation port 68 and the inhalation ventilator 63 are 
connected with exhaust duct 69. The waste tape cut off by the cutter 60 is lead to the 
collecting box 62 through the inhalation duct 61 by sucking air by the inhalation 
ventilator 63. At the same time, the air from the ventilator 63 is lead to the air supplying 
passage 66 through the exhaust duct 69 and then to the moving member 48 through the air 
exhaust port 67 to cool the moving member 48. Since the inhalation ventilator 63 for 
collecting waste tape in the collection box is also used to cool the moving member 48 as 
described above, it is not necessary to construct an additional ventilator for cooling. The 
cooling system of the moving member of this invention can be small sized and less 
expensive. 

Numeral reference 70 indicates a filter covering the air exhaust port 67 from the 
outer side of the port and capable of catching small pieces of tape coming through the 
collection box 62 as well as the debris from electronic components. 

Now, the production operation will be described hereinafter. First, the motor 
driver starts driving the linear motor 14 based on a production initiator command from 
CPU (not shown in figures) which is a control apparatus. At this moment, the linear 
motor 14 is being driven based on the proper velocity loop gain. The movement of the 
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linear motor 14 is monitored by the encoder 35, which feeds the result of the 
measurement back to the differential counter and the velocity control unit (both not 
shown in figures). 

After the slide base 12 comes to the apparatus main body 2, the mounting head 8 
5 (suction nozzle 9) picks up electronic component A from a proper tape cassette 13, moves 

to print board B by the rotation of the rotating table 7 while holding electronic component 
A, and mounts electronic component A on a proper position of print board B. This 
mounting operation is repeated for mounting other component A on print board B. 

Then, the carrier tape C is cut by the cutter 60 with a predetermined pitch after 
10 electronic component is picked up by the suction nozzle 9, and waste tapes are lead to the 

collection box 62 through the inhalation duct 61. The inhalation ventilator 63 is operated 
only during the operation of a pair of the slide bases 12 and stopped when the slide base 
! =r; stops for decreasing the consumption of air flux. 

C Therefore, by the operation of the inhalation ventilator 63, waste tapes cut off by 

jl' 5 the cutter 60 are collected in the collection box 62 through inhalation duct 61. 

j? ; Furthermore, the air from the ventilator 63 is lead to the air supplying passage 66 through 

£ the exhaust duct 69 and blown to the moving member 48 through the air exhaust port 67 

f to cool the moving member 48. 

f ;; Also, as a pair of the slide bases 12 moves, the heat dissipation fin 71 formed on 

"20 the vertical portion 30 of the slide block 23 receives the air and the heat in the moving 

^ member 48 is further dissipated. 

The filter 70 catches small pieces of tape coming through the collection box 62 as 
well as the debris from electronic components. 

The structure of the moving member 48 of the linear motor as the second 
25 embodiment will be explained hereinafter in reference to Fig. 10. 

The moving member 48 comprises an iron core 18 as a structure made of 
magnetic material, coils 20 wound around the core and an axis 17 which is a heat 
dissipation portion made of the materials with efficient thermal conduction such as 
aluminum, and which pierces through the center of the iron core, and is molded with 
30 synthetic resin except a part of the axis 17. At one end of the axis 17, a heat dissipation 

fin 19 is formed to make heat dissipation area larger. The moving member 48 is placed in 
such a way that the aforementioned heat dissipation fin 19 faces the air exhaust port 67. 

When the coils generate heat, the heat is transmitted from the coils to the iron core 
18 and then to the axis 17 piercing through the center of the iron core 18 and dissipated 
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through the heat dissipation fin 19 resulting in the suppression of the temperature rise. 
The heat in the outermost part of the iron core 18 from the heat dissipation fin 19 is also 
transmitted through the heat dissipation fin 19 through the axis 17 suppressing the 
temperature rise of the moving member 48 as a whole. As a result, the deterioration of 
the accuracy in component mounting is avoided. 

Within the range where components are picked up by suction, the air from the 
ventilator 63 coming through the air exhaust port 67 is blown to the moving member 48, 
especially to their heat dissipation fin 19, so that the heat in the moving member 48 can 
be dissipated. As a pair of the slide bases 12 moves, the slide block 23 on which the 
moving member 48 is fixed also moves along with this movement, the air is blown to the 
heat dissipation fin 19 so that the heat in the moving member 48 is dissipated. 

In the second embodiment described above, the temperature rise in the moving 
member 48 is suppressed by the heat dissipation portion (heat dissipation fin 19) formed 
in the moving member 48 itself. 

Also by combining the heat dissipation fin 19 and the heat dissipation fin 71 
mounted on the slide base 12 (slide block 23) with the moving member 48 thereon of the 
first embodiment, the heat dissipation is further improved. 

Although as the second embodiment, the moving member 48 comprising the iron 
core and the axis 17 (heat dissipation portion) with the heat dissipation fin 19 at one end 
which pierces through the center of the iron core is introduced, this invention is not 
limited to this embodiment. For example, the axis (heat dissipation portion without heat 
dissipation fin 19) piercing through the iron core 18 of the moving member 48 can be 
constructed in such a way that one end of the axis exposes to the outside of the moving 
member 48. Also, the axis can be constructed in such a way that at least a part of the axis 
touches the iron core 18, but does not necessarily pierces through the iron core 18. 

Also, by mounting the heat dissipation portion (heat dissipation fin without the 
axis 17) on the outer surface of the molded moving member 48, the temperature rise of 
the moving member can be indirectly suppressed. 

In this embodiment, the electronic component feeding apparatus is used for a 
high-speed electronic component mounting instrument. However, this invention is also 
applicable to multi purpose electronic component mounting instrument which mounts 
surface mount components such as chip condenser and chip resistor, multi lead 
components such as flat packaged IC and other electronic components to a print board. 
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Also, this electronic component feeding apparatus is applicable when bulk cassettes, 
instead of tape cassettes, are mounted. 

While the invention has been described and illustrated with respect to a few 
embodiments, it will be understood by those skilled in the art that various other changes 
and modifications may be made without departing the spirit and scope of this invention. 
All such modifications are intended for inclusion within the scope of the following 
claims. 
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